then virus was injected with a 10 µl syringe and a 34 gauge metal needle. The injection volume and flow rate (1µl at 0.15 µl/min) were controlled by an injection pump. Each NAc received two injections (injection 1: AP 1.15mm, ML .8mm, DV -4.8mm; injection 2: AP 1.15mm, ML .8mm, DV -4.2mm). The virus injection and fiber position were chosen so that virtually the entire shell was stimulated. Given the small size of the shell in mice, it is not possible to limit the virus spread and the light entirely to the medial shell, and the medial part of the core was included (medial to the anterior commissure). After injection the needle was left in place for 5 additional minutes and then very slowly withdrawn. For behavioral experiments mice were injected bilaterally, and then bilateral cannulas with a center-to-center distance of 1.5 mm were placed above the injection sites (AP 1.15mm, DV 3.8mm). To manipulateneuronal activity during behavior, light ) was bilaterally delivered through two 300 µm diameter optic fibers (0.37 N.A.) that were inserted through the cannulae to allow the fiber to project 200-300 m past the end of the cannulae.
Acute brain slice physiology
Coronal cerebral brain slices were prepared from adult mice with virus previously injected (>2 weeks prior to slicing), using standard techniques in strict accordance with a protocol approved by the Animal Care and Use Committee at Stanford University.
Coronal slices 250 μm thick were cut with a vibratome using a sapphire blade in ice cold N-methyl-D-glucamine (NMDG)-based cutting solution containing 135 mM NMDG, 1 mM KCl, 1.2 mM KH 2 PO4, 20 mM choline bicarbonate, 10 mM glucose, 1.5 mM MgCl 2 and 0.5 mM CaCl 2 . Slices were maintained thereafter in artificial cerebral spinal fluid (ACSF) containing 119 mM NaCl, 2.5 mM KCl, 2.5 mM CaCl 2 , 1.3 mM MgCl 2 , 1 mM NaH 2 PO 4 , 26.2 mM NaHCO 3 and 11 mM glucose. Slices were maintained in ACSF at 37ºC for 30 minutes, and thereafter at room temperature. ACSF was bubbled constantly with 95% O 2 /5% CO 2 and heated to 34ºC for all experiments. Neurons were visualized on an upright microscope (Leica DM-LFSA) equipped with both DIC optics and a filter set for visualizing eYFP using a ×40 water-immersion objective and a charge-coupled device (CCD) camera. Whole-cell recordings were made from neurons using the electrode solution containing 120 mM potassium gluconate, 20 mM HEPES, mOsm/L); in experiments recording IPSCs, KCl was used to replace potassium gluconate. Pipette resistances were 3-5 MΩ, and recordings were made without series resistance compensation. Membrane potentials have been corrected for the error resulting from the liquid junction potentials. The holding potential (V M ) for voltage-clamp experiments was −70 mV. The following agents were added as indicated: 5 μM SR-95531; 5 μM 2,3-dihydroxy-6-nitro-7-sulphamoyl-benzo(F)quinoxaline (NBQX); 5 μM (R,S)-CPP; mecamylamine (10 μM); 5 μM cocaine hydrochloride. The cocaine concentration of 5 μM was carefully chosen by several criteria. First, it was consistent with the choices in previous slice work(4). Second, significantly higher concentrations would result in local anesthetic effects (4). Finally, according to studies of cocaine pharmacokinetics in mice, an i.p. injection of 10mg/kg will yield 4.7 μM of cocaine in the brain after 15 minutes, and 20 mg/kg will yield 9.4 μM, comparable to the levels used in behavioral experiments (5). Photocurrents were evoked using an optical switch with a 300W xenon lamp and either a 470±20 nm or a 580±20 nm bandpass filters; light power at the specimen was 11.52 mW mm −2 (470 nm) or 10.64 mW mm −2 (580 nm). Currents filtered at 2 kHz, digitized at 50 kHz, and recorded to disk using pClamp10 software (Axon Instruments). Data are expressed as mean ± standard error of the mean, and statistical significance was determined using the paired or unpaired t-test, as appropriate. For IPSC measurements in MSNs ( images were acquired on a scanning laser microscope using 5X or 10X air objectives, or a 40X oil immersion objective.
In vivo optrode recording
Simultaneous optical stimulation and extracellular electrical recording were performed as described previously (6) . Optrodes consisted of a tungsten electrode (1 MΩ; .005 in; parylene insulation) glued to an optical fiber (300 µm core diameter, 0.37 N.A.), with the tip of the electrode projecting beyond the fiber by 300-500 m. The electrode was lowered through the NAc in approximately 100 m increments, and optical responses were recorded at each increment. The optical fiber was coupled to a 473 nm or 560 nm laser. The power density was ~140 mW/mm 2 at the fiber tip for both wavelengths, which corresponds to a density at the tip of the electrode of about ~7-17mW/mm 2 for 470nm light and ~10-22 mW/mm 2 for 560nm light. Signals were amplified and band-pass filtered (300Hz low cut-off, 10 kHz high cut-off) before digitizing and recording to disk.
At each site, 5 stimulation repetitions were presented and saved. Each stimulation epoch lasted 10-15 seconds with a recovery period of 80-90 seconds between the onset time of each repetition, and 50 seconds of data were recorded to disk for each repetition.
Conditioned place preference
All behavioral experiments were performed 4-6 weeks after virus injections during the animals' dark (active) cycle. The conditioned place preference (CPP) protocol was similar to those from previous reports of unbiased, balanced place-preference ( 
Fear Conditioning
The fear conditioning apparatus consisted of a square conditioning cage (18x18x30 cm) with a grid floor wired to a shock generator and a scrambler, surrounded by an acoustic chamber. The top of the chamber was modified to enable light delivery during training by introducing an opening for the fiber. All mice received continuous yellow light during training but not during testing on the following day (590 nm; same power density as for the CPP experiments). To induce fear conditioning, mice were placed in the cage for 120 seconds; a pure tone (2.9 kHz) was then played for 20 seconds, followed immediately by a 2 second foot-shock (0.5 mA). This procedure was repeated, and 30 seconds after the delivery of the second shock mice were returned to their home cage.
Freezing (complete immobility) was quantified for the 30 seconds before the first tone on the conditioning day to assess baseline freezing, as well as the 30 seconds immediately after the final shock on the conditioning day to assess immediate freezing.
Contextual and auditory-cued fear conditioning were assessed the day after conditioning. To test contextual fear conditioning, mice were placed in the original conditioning cage, and freezing was measured for 5 min. To test auditory-cued fear conditioning, mice were placed in a different context: a pyramid shaped cage with a plexiglass floor. As a control for the influence of the novel environment, freezing was measured for 2.5 minutes in this new cage, and then the 2.9 kHz tone was played for 2.5 minutes, during which conditioned freezing was measured. Table   S2 ). "Pre-tone" refers to the 2.5 minutes in the new context before the onset of the tone;
"Tone" refers to the 2.5 minutes during tone (n = 9 ChAT::Cre+; n = 8 ChAT::Cre-; twotailed t-test; p > .05 comparing ChAT::Cre+ and ChAT::Cre-). Total time spent on the cocaine-paired side on the testing day of the cocaine place preference paradigm (for various cocaine concentrations) when inhibition of the ChAT neurons (with eNphR3.0) was paired with cocaine exposure. 
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